Papain, like trypsin, digests proteins such as hemoglobin and casein most rapidly in slightly alkaline solution. The hemoglobin method used to estimate trypsin (Anson and Mirsky (1933-34)) can be used without change to estimate papain, provided papain is properly activated with cyanide and there is sufficient cyanide in the hemoglobin solution. Denatured hemoglobin at pH 7.4 is digested for 5 minutes at 25°C. and the split products not precipitated by trichloracetic acid are estimated colorimetrically with the phenol reagent which gives a blue color with tyrosine, tryptophane, and cysteine. By this method only the first stage of digestion, due to proteinase, is measured, for hemoglobin needs to be only slightly digested for the digestion products to be not precipitable by trichloracetic acid.
(Accepted for publication, September 15, 1936) Papain, like trypsin, digests proteins such as hemoglobin and casein most rapidly in slightly alkaline solution. The hemoglobin method used to estimate trypsin (Anson and Mirsky (1933-34) ) can be used without change to estimate papain, provided papain is properly activated with cyanide and there is sufficient cyanide in the hemoglobin solution. Denatured hemoglobin at pH 7.4 is digested for 5 minutes at 25°C. and the split products not precipitated by trichloracetic acid are estimated colorimetrically with the phenol reagent which gives a blue color with tyrosine, tryptophane, and cysteine. By this method only the first stage of digestion, due to proteinase, is measured, for hemoglobin needs to be only slightly digested for the digestion products to be not precipitable by trichloracetic acid.
The digestion of hemoglobin by papain, as measured by the trichloracetic acid method, is increased by cyanide and cysteine and abolished by iodoacetate, even in the presence of cyanide. Thus the effect of iodoacetate on the digestion of protein by commercial papain, unlike the effect of iodoacetic acid on digestion by liver extract (Anson (1936-37) ) is an effect on the proteinase. In the procedure to be described papain is activated by cyanide in strongly alkaline solution. In neutral or acid solutions, such as have hitherto been used, activation is less rapid and complete.
Activation.wTo 0.5 ml. enzyme solution are added 5 drops of 2 N sodium cyanide and after the solution has stood 3 minutes at 25"C. 9.25 ml. water. 1 ml. of this solution is usually used for estimation. If the solution is diluted further, the dilution is carried out with a solution containing 5 drops of 2 N sodium cyanide in 10 ml. Increasing the time papain is incubated with sodium cyanide to 10 minutes, increasing the amount of sodium cyanide to 10 drops, or raising the temperature to 37°C. does not change the activity of the papain more than 3 per 561 cent. If cyanide is not added the activity is negligible. If 5 drops of 1.8 potassium acid phosphate are added in addition to 5 drops 2 ~ sodium cyanide the activity is 40 per cent of the activity obtained with the cyanide alone. I have not studied the activation of purified or modified papain. If 10 gin. of commercial papain is stirred with 100 ml. of water and the suspension is filtered, the filtrate is diluted 20-25 times before the 5 drops of sodium cyanide are added. That is, the extract of about 0.2 rag. papain is used for estimation. If the 20-25 times dilution is carried out with water, the 5 drops of 2 N sodium cyanide are added immediately since the enzyme slowly becomes destroyed FIG. 1. Relation of amount of papain used for S minutes digestion of hemoglobin at 25°C. and color value of trichloracetic acid filtrate. in dilute solution. If the dilution is carried out with dilute cyanide, the enzyme is stable.
Estlm~ion.--The preparation of the hemoglobin solution, the carrying out of the estimation, and the calculation of the results, are exactly the same as in the estimation of trypsin by hemoglobin (Anson and Mirsky (1933-34) ). Digestion is for 5 minutes at 25°C. The extent of digestion produced by a given amount of papain in 5 minutes is the same within 3 per cent as that by one-fourth the amount of papain in 20 minutes. Fig. 1 gives the curve relating the extent of digestion to the amount of enzyme used. Unit [Pa. u.] rr°. The symbol [P. u.] ab is not used because it stands for pepsin unit (Anson and Mirsky (1932-33) ). The initial rate of digestion at 25°C. by 1 ml. of papain solution containing 1 [Pa. u.] m of papain is such that there is produced per minute in 6 ml. of digestion mixture an amount of color-producing substance not precipitable with trichloracetic acid which gives the same color with the phenol reagent as 1 milliequivalent of tyrosine.
Definition of Activity
Influence of Various Factors.--To test the influence of the various factors on the extent of digestion, after activation with 5 drops of 2 N sodium cyanide, the papain solution is diluted to 5 ml. instead of 10 ml. and 0.5 ml. is used for digestion instead of 1 ml. The addition of 0.5 ml. of the following solutions has, within 3 per cent, the same effect on the extent of digestion in 5 minutes as the addition of 0.5 ml. water: 0.2 ~r sodium hydroxide, 0.1 s hydrochloric acid, 9 ~r urea,0.1 ammonium sulfate, and glycerine. The addition of 0.5 ml. 0.02 iodoacetic acid makes the digestion negligible. The extent of digestion as measured in the standard way is the same whether 5 ml. hemoglobin solution is used or 4 ml. hemoglobin solution plus 1 ml. water.
